To investigate the functional abnormalities in the central nervous system (CNS) of patients with panic disorder (PD), we compared the electroencephalography (EEG) coherence values in 18 never-medicated PD patients with those in age-matched normal control subjects, and examined the relationships between EEG coherence values and both the duration of disease and the severity of panic attacks. EEG data were recorded in the resting state.
INTRODUCTION
Panic disorder (PD) is a chronic psychiatric disorder characterized by repeated panic attacks and behavioral aberrations. Many biological studies of PD have been reported since its introduction into the Diagnosis and Statistical Manual of Mental Disorder 3rd. ed. (DSM-Ill) of the American Psychiatric Association' in 1980. In studies of brain structure, ventricle-brain ratios have been shown to be increased in PD patients on computed tomography (CT2), and the focal temporal abnormalities were shown to be more frequent as compared with normal subjects on magnetic resonance imaging (MR1).3 In addition, functional studies in PD patients demonstrated changes in regional blood flow on single photon emission computed tomography (SPECT)' and regional changes in brain perfusion and metabolism on positron emission tomography (PETp Although specific abnormalities on electroencephalogra-phy (EEG) in PD patients have rarely been reported, recent studies using quantitative EEG analysis have shown some abnormalities. In EEG power analysis, Wiedemann et a17 demonstrated the asymmetry of the frontal alpha power in PD patients. Further quantitative EEG analysis is required.
EEG coherence is a noninvasive technique for studying functional relationships between brain regions. It can be interpreted as a quantitative measure of the degree of functional connectivity between distinct brain regions.8 Previous studies have applied EEG coherence to examine functional changes associated with performance of a perceptional or cognitive task, and EEG coherence is thought to be a useful technique in the assessment of cognitive functi~n.~.'~ Furthermore, recent studies have shown significant differences in EEG coherence values in patients with various psychiatric disorders." l 2 Therefore, we compared the EEG coherence values in PD patients with those in normal control subjects to analyze the degree of functional connectivity between brain regions.
METHODS

Subjects
The PD patient group consisted of 9 men and 9 women who consulted the psychiatric outpatient clinic of Kanazawa University Hospital. They were all diagnosed by trained psychiatrists, and fulfilled DSM-IV riter ria'^ for PD with or without agoraphobia. The mean age (fSD) was 31.5s9.4 years (range, 16-52) and the mean duration of disease (iSD) was 50.5265.6 weeks (range, 4-240) ( Table 1) . None of the patients had any comorbidity with other psychiatric disorders, such as major depression. The patients had been never received medications that act upon the central nervous system (CNS) (e.g., antipsychotics, anticholinergics, antidepressants, anticonvulsants, anxiolytics, cerebral metabolic activators, or cerebral vasodilators). The current severity of panic and "Mild," In Full Remission: during the past 6 months, there has been no panic or limited symptom attacks. The control subjects consisted of 18 healthy volunteers (9 men and 9 women), aged (fSD) 31.21r10.5 years (range, 20-58) ( Table 1 ). The control group was not significantly different from the PD group in age or gender. They were staff members of Kanazawa University Hospital or their family members, who had no personal or family history of psychiatric or neurological disease. All were functioning normally and independently in their daily lives. All subjects in the two groups were right-handed. All subjects agreed to participate in the study with full knowledge of the experimental nature of the research.
EEG recording
The subjects were examined while seated in a semisoundproof, light-controlled, and air-conditioned recording room. Standard scalp electrodes were attached to the scalp with paste in accordance with the International 10-20 System. EEG was recorded with an 18-channel electroencephalograph (EEG-44189, Nihon Kohden, Tokyo, Japan) at 16 electrode sites: Fpl , Fp2, F3, Fz, F4, F7, F8, C3, C4, P3, Pz, P4, T5, T6, 01, and 02. In addition, movements of the eyes and eyelids were monitored by bipolar electro-oculographic (EOG) derivations. EEG recordings were obtained with electrodes referenced to linked ear lobes with a time constant of 0.1 s and a high-cut filter of 60 Hz. Impedance of electrodeiskin conductance was kept below 5,OOOQ. EEGs were recorded for 10 to 15 min for each subject with the eyes closed. The subjects were observed via a video monitoring system. When they appeared to become drowsy, they were asked to remain awake and the EEG recording was repeated. Selection of segments recorded during the eyesclosed and awake states was based on visual inspection of EEG and EOG recordings. The subjects were considered to be fully awake when alpha activity appeared predominantly over the posterior regions in conjunction with fast eye movements on the EOG ~hannel.'~ Segments containing eye movements, blinks, or muscle activity were excluded from the analysis. None of the subjects showed remarkable EEG abnormalities as determined by visual inspection.
EEG analysis
The EEG data were digitized with an ATAMAP (Kissei Comtec, Nagano, Japan). EEG spectra were calculated with the Fast Fourier Transform method. One epoch consisted of 2.05 s, and 20 artifact-free epochs per subject were processed with a spectral resolution of 0.488 Hz. In the present study, inter-and intra-hemispheric coherence was measured between the following 12 homologous electrode pairs:
F7-T5, F8-T6, C3-01, and '3-02. Data were banded into delta (1.46-3.42 Hz), theta (3.90-7.80 Hz), alpha-I (8.30-9.70 Hz), alpha-2 (10.2-12.7 Hz), and beta (13.1-20.0 Hz).
Statistics
Fisher's Z transformation was used to normalize the distribution of coherence values. Differences between the PD patient group and the control group were analyzed by analysis of variance (ANOVA) with repeated measures, where the groups of subjects (n = 2) were independent factors and the F3-F4, F7-F8, C3-C4, T5-T6, P3-P4, 01-02, F3-C3, F4-C4, 
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frequency bands were the repeated measurements for each electrode pair. Relationships between the coherence value and the duration of disease or severity of panic attacks were analyzed using the Spearman rank-order correlation. A value of ~~0 . 0 5 was considered significant. Table 2 shows the coherence values for the EEG of the PD patient and control groups. As shown in Table 2 , repeated measures ANOVA revealed significant differences in EEG coherence for F3-F4, C3-C4, and P3-P4.
RESULTS
Inter-hemispheric coherence
These results indicated that the PD patient group had sig-nificantly lower coherence in these electrode pairs, and there was no interaction between electrode pairs and frequency bands (Figure 1 ). Table 3 shows the coherence values for the EEG of the PD patient group and the control group. As shown in Table  3 , repeated measures ANOVA revealed significant differences in EEG coherence for F7-T5 and F8-T6. These results indicated that the PD patient group had significantly lower coherence in these electrode pairs, and there was no interaction between electrode pairs and frequency bands (Figure 2 ). Relationships between the duration of disease and coherence values Table 4 shows Spearman rank correlations between the duration of disease and coherence values. In interhemispheric analysis, there were significant relationships for C3-C4 and F7-F8 in the delta band. Especially, in the alpha 2 band there were positive correlations for C3-C4, F7-F8, and T5-T6. This analysis resulted in a larger number of significant relationships than could be expected by chance. In intra-hemispheric analysis, there is a significant relationship only for C4-02 in the beta band. Relationships between the severity of panic attack and the coherence values Table 5 shows Spearman rank correlations between the severity of panic attacks and coherence values. In interhemispheric analysis, there were significant relationships for P3-P4 and T5-T6 in the alpha 2 band. In intra-hemispheric analysis, there were significant relationships for F4-C4 and F8-T6 in the alpha 2 band, and for C4-02 in the beta band. This analysis resulted in a larger number of significant relationships than would be expected by chance.
Intra-hemispheric coherence
DISCUSSION
The present study demonstrated significantly lower values of inter-hemispheric EEG coherence for the frontal regions in PD patients. In an experiment using EEG power analysis in healthy subjects exposed to emotion-arousing stimuli, Davidson et all6 demonstrated that there was asymmetry of brain electrical activity in frontal regions, and hypothesized that the frontal brain asymmetry was associated with differences in basic dimensions of emotion and reflected the activation of specialized systems for avoidance-withdrawal behavior in the right frontal hemisphere. In a previous study using quantitative EEG analysis in PD patients, Wiedemann et al' reported asymmetries in frontal EEG power in the resting state. They demonstrated that the right frontal alpha power of PD patients was significantly lower as compared with the left, whereas normal control subjects did not show frontal brain asymmetry. These results supported the hypothesis that PD patients were characterized by greater activation of the right frontal avoidance-withdrawal system in negatively valenced situations. Frontal brain asymmetry of PD has been demonstrated not only by EEG but also by SPECT,4 by near-infrared reflection spectroscopy (NIRS)," and by 31 P magnetic resonance spectroscopy These findings suggest that frontal brain asymmetry is related to some functional abnormality of PD. The lower functional connectivity in the frontal region demonstrated in the present study may also be due to the same pathophysiological features as the frontal brain asymmetry in PD.
The present study demonstrated significantly lower values of intra-hemispheric EEG coherence for the bilateral temporal regions in PD patients as compared to normal control subjects. Some functional studies using PET and SPECT indicated dysfunctions in the temporal lobe in PD patient^.'^^ Morphological studies of PD patients using MRI demonstrated temporal lobe atrophy and dilatation of the temporal horn of the lateral ventricle.321 These studies indicated high frequencies of morphological abnormalities in the temporal lobe of PD patients. In a previous study using volumetric MRI, bilateral temporal lobe volumes in PD patients were shown to be significantly smaller than those of normal In addition, Dantendorfer et aIz4 examined the relationship between morphological abnormalities and nonepileptic EEG abnormalities and showed that MRI abnormalities were found in 60.7% of PD patients with EEG abnormalities, but only in 17.9% of PD patients without such abnormalities. The results of these studies suggest that there may be abnormalities of bilateral temporal regions in PD patients. In the present study, there were no EEG abnormalities as determined by visual inspection, but lower functional connectivity of bilateral temporal regions was detected by coherence analysis. EEG coherence analysis revealed subtle abnormalities in PD patients. Further studies are needed to clarify the relationship between EEG coherence and morphological abnormalities.
In the present study, inter-hemispheric coherence values in the C3-C4, F7-F8, and T5-T6 regions for the higher alpha band showed positive correlations with the duration of disease (Table 4 ). It remains unclear what types of dysfunction in the CNS are associated with longer duration of disease. However, it has been reported that sustained exposure to glucocorticoids, adrenal hormones secreted during stress, can cause neural degeneration in primates, especially in the h i p p~c a m p u s .~~~ This suggests that chronic stress in patients with disease o! longer duration may affect the CNS. With regard to the clinical features of PD patients, it has been reported that longer duration of disease is associated with poor prognosis.z728 Some alterations in the CNS of PD patients may have contributed to the results of the present study, indicating that longer duration was associated with higher inter-hemispheric coherence values in the C3-C4, F7-F8, and T5-T6 regions. In addition, alterations in the CNS may be due to the chronic hyperactivity of the neural network involved in conditioned fear. Further studies using functional or morphological methods are required to clarify the mechanism underlying this result in the present study.
A positive correlation was observed between the severity of panic attacks and the coherence values for the P3-P4, T5-T6, F4-C4, and F8-T6 regions in the same higher alpha band as a result of the duration of disease (Table 5 ). As the severity of panic attacks is defined in DSM-III-R14 as the frequency of attacks, this result suggests that frequent panic attacks may contribute to the pathophysiological processes in PD. Ontiveros et al" reported that temporal lobe abnormalities found with MRI differed significantly between PD patients and control subjects as described above, and also that PD patients with abnormal MRI scans had significantly more panic attacks than those without them. Furthermore, it has been reported that salivary cortisol levels are increased significantly during spontaneous panic attacks as compared with levels obtained 24 h later.29 Wedekind et aI3' also reported that plasma free and salivary cortisol levels were significantly elevated in PD patients as compared to normal controls. The chronic condition of highly frequent panic attacks in PD patients may contribute to the stress-induced CNS changes, similarly to the cortisol-induced neural degeneration seen in primates.z26 The findings of the present study provide further evidence that chronic condition or highly frequent panic attacks in PD patients may induce pathophysiological CNS changes.
None of the subjects in the present study had remarkable EEG abnormalities as determined by visual inspection, corresponding to the report that EEG abnormalities were generally infrequent in PD patient^.^' However, the complication of temporal EEG abnormalities in PD is controversial. Edlund et aP2 reported that some PD patients presenting with atypical panic attacks involving hostility, irritability, severe derealization, and social withdrawal show non-epileptic temporal EEG abnormalities, and that carbamazepine was effective in some of these patients. These observations in such PD patients may be indicative of a subgroup of PD in which the distinction between epilepsy and pure psychiatric disorder is unclear. However, none of the subjects in the present study had such atypical panic attacks.
In the present study, although both PD patients and normal control subjects were not screened by the Structured Clinical Interview for DSM-VI (SCID-VI),33 all subjects were selected more strictly by trained psychiatrists as compared with screening by SCID. However, the present study had the following limitations. There has been some question about the use of a linked-ear reference, and changes in coherence may be due to a change in EEG activity at a common reference.% Further studies with a reference-free approach (e.g., bipolar linkage) are needed to determine the extent to which a common reference can contribute to the coherence abnormality observed in the present study. The sample size in the present study was so small that we could not examine differences with regard to sex, age, and with or without agoraphobia. Thus, further studies with larger sample sizes are needed to investigate the differences in these clinical characteristics.
CONCLUSIONS
PD patients had lower EEG coherence values with significant differences in F3-F4, C3-C4, P3-P4, F7-T5. and F8-T6 as compared with normal control subjects. Positive correlations were observed between coherence values and both the duration of disease and the severity of panic attacks for the higher alpha band. These findings provided further evidence that PD patients have a lower degree of inter-hemispheric functional connectivity in the frontal region and intra-hemispheric functional connectivity in the bilateral temporal region, and that chronic condition or frequent panic attacks in PD patients may be related to the pathophysiological CNS changes.
